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(54) STEEL MATE ? 3 \ im HIGH DUCTILiT H V D 41 3 -I STRENGTH AND PHOCESS FOR 
PROD- ;tign TH :«eof 


(57) A steel product having a structure corrfOsM 
mainly of ferrite or ferrite plus peariife or ferrite plus 
cementite. A stes; pipe produced from this steel product 
by roiling ot a ferrite recryssailizatien temperature such 
thai the reduction of area is create-' than 20%. This steel 
pipe is characterised by grain size not greater than 3 
ferabiyn i ation 

tensile Strang Pa.) and e!or» 

(£1 %» whose product is greater than 10000. and per- 
cent ductile fracture greater than 95%, preferably 100%, 


measured by Chsrpy impact test on an actual pipe at - 
tO0°C. The structure Is characterized by C : 0.005- 
( S 0.01-3.0%, Mn 0.01-2.0%, and Al 0 001 
0.10% on a wesght basis, and 'S composed of ferrite or 
ferrite and a secondary chase, with ferrite grains being 
3 4 i these " »e havjn« 

an area! ratio not more than 30%. The steel pipe is pro- 
duced from a steel pipe stock having me above-men- 
tioned composition by heating at a temperature of (Ac 1 
+ 50°C) to 400°C and subsequently performing taduc- 
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ing on it at a roirsg temperature of {Ac, + 50~G) to 4O0"C such thai the cumutekve -eduction of diameter is gr eater than 
20%. The reducing is preferably performed such that at feast one of rolling passes reduces the diameter by more than 
6% per pass. The stee! pipe will have high ductility and high strength and will be superior in toughness and stress cor- 
rosion cracking resistance, if the content of C, Si, Mrt, and other alloying elements is limited low and reducing is per- 
formed at the temperature specified above. The resulting steet pips has good fatigue resistance and is suitable few us© 
as line pipe. 
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Description 
" ; iv ;: -* ; ca|. Field 

5 ^ 0001 1 Th!5 present invention relates to a stee! product which has high strength and high ductility and Is superior in 
toughness and resistance to collision and impact, particularly a steel product, such as si 5 >ipe wire od, steel bar, 
steel section, steei plate, and stee! strip, having fine crystal grains, and also to a process for production thereof. 

Back ground Art 

[0002] Common practice to increase the strength of a steel product is to add an alloying element such as Mn and Si, 
to perform heat treatment such as controlled rolling, controlled cooling, quenching, and tempering, and to add a preclo- 
itation hardening element such as Mb and V. However, what is required of steel products is not only high strength but 
also high ductility and high toughness. There has been a demand for a steei product which has well-balanced strength 
?5 andducfiilty'toughnes::, 

(0003'j Making grains finer is one of a few important means to improve both strength and ductsiityrtoughness. This is 
accomplished by performing ausfenite-ferrite transformation from line austenite while preventing austenite grains from 
becoming coarse, thereby giving fine ferrite grains, by wo: Kino whsch makes austenite grains finer, thereby giving fine 
fernte grains, or by utilising mariensite and lower bainite that result from quenching and tempering. 

so I0004J One of these methods in genera! use lor steel production is controlled roiling which consists of strengthening 
, x <. - v ^ & ^ , Jrnt8 transformation to give rise to fine ferrite grains. Another way in 

practice is to add a trace amount of Nb which suppresses the reerystali^aticn of austenite grains, thereby yielding f iner 
ferrite grains. Working at a temperature at which austenite does not yet recrystaliize permits austenite grains to grow, 
giving rise to the deformation zone in grains, and f iner ferrite grains occur from this deformation zone. A recent practice 

ss to obtain finer ferrite grains is controlled cooling that is carried out during or after working. 

10085] The above-mentioned methods, however, need rebuilding of the existing facilities and considerable remodeling 
of the current process in the production of stee! products, suets as stee! pipes, having improved collision and impact 
resistance required for better automotive safety, an ever increasing demand. Therefore, they are economically unfeass- 

30 [OGOS] In the meantime, steei products for line pipe need resistance to stfsess corrosion cracking by sulfides, and this 
object is achieved by hardness corrtrol through the reduction of impurities or the adjustment of alloying elements. In 
addition, conventional practices to improve fatigue resistance include heat treatment, such as thermal refining, Induc- 
tion hardening, and carbur iang, and addition of a large amount of expensive alloying elements such as Nl, Cr.and Wo. 
i he disadvantage cr shese methods is: poor weidaoiiity and high production cost. 

35 fOGS?] Steel pipes of small to medium diameter are produced mainly by eiectrlc resistance welding with high fre- 
quency current. The process for their production consists of continuously feeding a flat strip steel, making it into a pipe 
stock using a forming < of I . heating the opposing edges of the pipe stock to a f errsperature above the melting point of steei 
by means of high frequency current, and butt-welding the heated edges by means of squeeze rolls. 
[QGG8] I "his process, however, has a disadvantage of requiring roils that conform to the dimensions of the desired 

- > steel » s pe : therefore, if is not suitable tor multi-product production In small lots. 

ICS0Q9] in order to address this problem, there has been proposed a new process in, for example, Japanese Patent 
Publication No 24606/1890. This process consists of heating a flat strip steei in a preheating furnace and a heating fur- 
nace, making the strip steel into a oioe dy doc: no resistance welding, heating the p=pe to s temperature above the ,v ; 
< ns o - atict p > ie -eatsd pipe by a reducing miff so that it has a predeter mined outside diameter. 

45 [0010] This process, however, poses problems due to heating above A 3 point Heating gives rise to scale which is 
bitten during rolling. Heating also makes crystal grains coarse, aggravating the ductility, strength, and toughness of the 
resuming steel pipe. 

[0011] A cold sizing process has been proposed in Japanese Patent Laid-open No. 33105/1883. This process is 
designed to reduce the outside diameter of a hollow pipe stock, such as seamless steel pipes and electric welded pipes, 

so in the cold state by using a series of reducing rnilis, each consisting of three roils. The disadvantage of this process is 
the necessity oi a large-scale mil! to Withstand high loads due to cold rolling and the necessity of a lubricating facility to 
prevent roils from seizing. In addition, cold roiling gives rise to working strain which aggravate k ? and toughness 
[0012] it is an object of the present invention, which was completed to address the above-mentioned problems, to 
provide a steel product and a process for production thereof, said steei product being supr r - 

5s toughness, and resistance to collision and impact owing to fine ferrite crystal grains. 
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Disclosure cithe J? wgriiign 

[00131 The present inventors carried out extensive studies on a process for efficient production of high-strength sleel 
pipes superior in ductility, whsch led to the finding that it is possible to produce desired steel pipes with balanced ductility 
£ and strength by reducing steei pipes of specific composition st a temperature of ferrite recrysfallizatioa 
[081 4] The present invention is based on the experimental results explained below. 

[831 5] The experiment was carried out on eiectric welded steei pipes (42.7 mm in dia. and 2.9 mm thick) containing 
0.09 wt% C, 0.40 wt% Si, 0.80 wt% fvln, and 0.04 wt% Ai. After heating ai various temperatures ranging from 750 to 
400*0. they were passed through a reducing mil! at a roiling speed of 200 m/msn so that their oulssde diameter was 
?c reduced variously to 33.2-15.0 mm. The roiled pipes were tested for tensile strength (TS) and elongation (Si). The rela- 
tion between elongation arid tensile strength is shown in Fig 1 (black dots). Incidentally, white dots in Fig ' :co; :-sar: 
the relation between elongation and tensile strength ol electric welded pipes in various sires without reducing. Elonga- 
tion (El} is expressed tr, terms of values calculated from 

15 EUEI 0 x {V(a 0 /a}) 0.4 

(w^e eEloisthea 5 <■ a i- s 292 mm 2 , and a is the sectional area (mm 2 ) of the specimen.} This 

converted value was used in consideration of the size effect of the specimen. 

[0018] It is noted from Fig. 1 that the specimens obtained by reducing after heating at 7S0-40O'C exhibit higher efen- 
io gation for the same strength than, electric welded pipes without reducing. In other words, the present inventors found 
that it is poss 1 ie ^ p"o<: < c steei pipes with balanced ductility and strength by reducing steet pipes of 

specific composition at a temperature ranging from 750°C to 400°C. 

(0017] Moreover, it was found that the above-mentioned steei pipe has fine ferrlte grains not greater than 3 um. in 
order to examine resistance to colildae, and Impact, the present Irv/errtors established the relation between tensile 

ss strength (TS)and ferrite grain size, with the strain rate greatly changed over a Drear any OCC - 1 v- ©suits ar 
shown In t ig. 2. II is noted from Fig. 2 that the tensile strength remarkably increases with the decreasing fenste grain 
sire not more than 3 urn. preferably not more than 1 urn. and this tendency is signitica; it) the case of high strain rate 
as is experienced In deformation by collision and impact in other words, it was found that steel pipes with fine ferrite 
grains are superior in ductile-strength balance and have greatly improved resistance to collision and impact. 

so [0018] The present invention Is based on the above-mes-rtioned finings. 

[001 9] The present invention covers a steel product with high ductility and high strength which is characterized: in that 
it has an average grain size lower than 3 S jm, preferably lower than 1 um, in the cross section perpendicular to its length- 
wise direction, that it has a structure composed mainly of ferrite or ferrite plus peariife or ferrite plus ceroenfcte, and that 
it has an elongation 20% or more and a product o? tensile strength (TS In MPs) and elongation (El in %} which is 10QO0 

ss or more. 

[0020} The present invention also covers a steel pipe with high ductility and high strength which is characterized in 
that it has an average grain size Sower than 3 urn. preferably lower than 1 t-m. in the cross section perpendicular to its 
lengthwise direction, that it has a structure composed mainly of ferrite or ferrite plus peariite or ferrite plus cementiie. 
that if has an elongation greater than 20% and a product of tensile strength (TS in MPa) and elongation (El in %) which 
io Is 1 0000 or more, and that ft has a percent ductile fracture by Charpy impact test of 95% or more, preferably 100%. in 
the cross section perpendicular to its lengthwise direction. 

[0021] The present invention also covers a process for producing a steel product, preferably a steel pipe, with high 
ductility arid high strength, said process comprising rolling a steel product containing C not more than 0.60 wl% at a 
temperature for ferrite rec; ystailizaiion with a reduction of area greater than 20%. Said roiling may be carried out by the 
4$ aid of lubrication. 

[0022] The present invention also covers a steel pipe with high ductility and high strength characterised in that it has 
a composition of C Q. 005-0.30%, Si 0.01-3.0%, Mn 0 01 2.0%, AI 0.001-0.10% on a weight basis, with the remainder 
being Fe and unavoidable impurities, and that it has, a structure of ferrite or a structure of ferrite and a second phase 
other than ferrite no! more than 30% in terms of area! ratio, with said ferrite having a grain size not greater than 3 pm, 
so preferably not greater than i um. 

[SG23] In the present invention, the above-mentioned composition may be G 0.005-0.30%, Si 0.01-3.0%, Mn 0.01 - 
2.0%, AI 0.001 -0.10%, and one or more selected from Cu not more Stan 1%, Ni not more than 2%, Cr riot more than 
2%, and Mo not more than 1%, with the remainder being Fe and unavoidable impurities; 

55 the above-mentioned composition may be C 0.005-0.30%, Si 0.01-3.0%, Mn 0.01-2.0%, AI 0.001-0.10%, and one 
or more selected from Nb not more than 0.1%. V not more than 0.3%, Ti not more than 0.2%, and B not more than 
0.004%, with the remainder being Fe and unavoidable impurities; 

or the above- mentioned composition may be C 0.005-0.30%. Si 0 01-3.0%, Mn 0.01-2.0%, At 0.001-0.10%, and 


4 
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one or more selected from REM not more than 0.02% and Ca not more than 0.01%, with the remaster being Fe 
and unavoidable impurities. 

|0924] The above-mentioned composition n?ay be C 0.005-0.30%, Si 0.01-3.0%. Mn 0.01-2.0%. A! 0.001-0.10%. and 
3 one or more selected from Cu not more than 1%, Ni not more than 2%. Gr not mors than 2%, and Mo not more tha n 
1% and one or more selected from No not more than 0.1%, V not more than 0 3%, It not mors than 0.2%. and 8 not 
more than C.004-%. 

[0025] The above-mentioned composition may be C 0.005-0.30%, Si 0.01-3.0%, Mo 0.01-2.0%, A! 0.001 -0. 1 0%, and 
one or more selected ftcm Cu not more than 1%. Mi not more than 2% Cr not mors than 2%, snd Mo not more than 
io •;%, and one or more selected from REM not more than 0.02% and Ca no c ^r,^i , - ■ * , 
Fe and una labia 

[0028] "the above- mentioned composition may be C 0.005-0.30%. St 0.01-3.0%. Mn 0.01-2 0%, Ai 0.001 -0.10%,and 
one or more selected from Mb not more than 0. 1%, V not more than 0.3%, Ti not mora than 0.2%, and 8 not more than 
0.004%. and one or more selected from REM not more than 0.05% and Ca not more then 0.01%, with the remainder 

?s being Fe and unavoidable impurities. 

[00271 Moreover, the above-mentioned composition may be C 0.005-0.30%. Si 0.01-3.0%, Mn 0.01-2.0%, Ai 0.001 - 
0.10%, one or more selected from Cu not more than 1%, Ni not mors than 2%, Cr not more than 2%, and Mo not more 
than 1%, one or more selected from Nb not more than 0.1%, V not more than 0.3%, V. not mote than 0.2%, and B not 
more than 0.004%; and one or more selected from REM no! more than 0.02% and Ca not mars than 0.01%, with the 

so remainder being Fe and unavoidable impurities. 

[0028] The present invention also covers a process for pr oducing a steel pipe with high ductility and high strength, 
said process comj tg neat* s ope stock having any of the above-mentioned compositions at (Aci + 50"C) to 
400'C, preferably 750-400 ! C, and reducing the heated ppe stock at {Ac, + 50°C) to 400»C, preferably 750-400'C, such 
that the cumulative diameter reduction is 20% or more. The roiling is preferably carried out such that at least one pass 

ss reduces the diameter by 6% or mot e per pass and the cumulative diameter reduction is 60% or more. In addition, the 
reducing mentioned above is preferably carried out by the aid of lubrication. 

f.0029] The present inventors also found that the above-mentioned process permits the production of a steel pipe with 
high strength and high toughness and superior resistance to stress corrosion cracking if the composition of the pipe 
stock is specified in an adequate range. This finding led the present inventors to conceive to utilize the process for the 
so production of line pipes. 

10030} Line pipes conventionally have ihe content of impurities, such as 3. reduced and the hardness controlled by 
means of alloying dements for improvement in resistance to stress corrosion cracking. Such conventional methods are 
limited in strengthening and pose a problem with high production cost. Specify':;).?, the composition of the pipe slock in 
an adequate range and performing the reduction in the ferrste rec; ystafie vg rey o i yiei i a ' ie p pe wit i - cr strength 
35 high toughness, owing to dispersed fine fertile and fine carbide, superior in resistance to stress corrosion cracking 
resistance due to limited alloying elements, leading to reduced hardening by welding and less crack generation and 
propagation. 

[0031] Accordingly, the present invention covers a process for producing a steel pipe superior in ductility and resist- 
ance to collision and impact ss well as resistance to stress corrosion cracking resistance, said process comprising heat- 

40 ing a pipe stock at {Ac, + 50°C) to 4G0°C. preferably 750-400^. and reducing the heated pipe stock at (Ac, + 50°C) to 
40fl :: C, preferably 750 -WC. such that the cumulative diameter reduction is 20% cr more, said pipe stock having a 
composition of C 0.005-0.10%. Si 0.01-0.5%. Mn 0.01-1.8%. Ai 0 001-0.10%, one or more selected from Cu not more 
than 0.5%, Ni not more than 0 6%, Cr not more than 0.5%, and Mo not more than 0.5%, and one or more selected from 
Nb not more than 0. 1%, V not more than 0.1%, Ti not more than 0.1%. atid B not rmore than 0.004%. or further one or 

45 mors selected from REM not more than 0.02%. and Ca not mors than 0 0' %, with The remaindet being Fe and unavoid- 
able -a -purities. 

19032} The present Inventors also found that the above-mentioned process permits the production of a steel pipe with 
high strength and high toughness and superior fatigue resistance if the composition of the pipe stock Is specified in an 
adequate a s This ' -c led Ihe present inventors to conceive tc i- precoma > thr- produofcn or stse: pipes 

5 „ ~ _ - r^xivivT) "^re^M^a „ i q e 

reduction itheferrite sc.-ystsil!?lng sgicn yield a steei pipe with high strength ard - in <xs- oai^ or s> - < 
fine ferrite and fine precipitation, superior in fatigue resistance due to limited alloying elements, leading to reduced hard- 
ening by welding and less crack generation arid propagation. 

[0033] Accordingly, the present invention covers a process for producing a steel pipe superior in ductility and strength 
os as n - b gue 3 stan z sard p oc ss x r:p s ig heafing a pipe stock at (Ac 1 + 5C"G) to 400 C. preferably ?su- 
400*0, and reducing the heated pipe stock at (Ac, +-50°C) to 400*C. preferably 750-400*0. such that the cumulative 
diameter reduction Is 20% or more, said pipe stock having a composition of C 0.06-0.30%, Si 0 01-1 .5%, Mn 0 01-2.0%, 
and Ai 0.001 -0.10%, with the remainder being Fe and unavoidable impurities. 
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[00341 ir* the present invention, the above-mentioned composition may be C 0.06-0.30%, St 0.01-1.5%, Mn 0.01- 
2.0%. Ai 0.001-0. 1 0%, and one or more selected from Cu not more than 1 .0%, Ni not more than 2.0%, Of not more than 
2.0%, and Mo not more than • 0%. with the remainder being Fe end unavoidable Impurities; the sbovs-meniio.nsd com- 
position may be C 0.06-0.30%, Si 0.01-1.5%, Mn 0.01-2.0%, A! 0.001-0.10%, and one or more selected from Nb not 
more than 0.1%, V not more than 0.3%. Ti not more than 0.2%, and B not more than 0.004%, with the remainder being 
Fe and unavoidable impurities; or the above-mentioned imposition may be C 0.06-0.30%, Si 0.01-1.5%, Mn 0.01- 
2.0%, Ai 0.001-0.10%, and one or more selected from REM not more than 0.02% and Ca not more than 0.01%, with 
the remainder being Fe and unavoidable impurities; the above-mentioned composition may be C 0.06-0.30%. Si 0.01- 
1.5%, Mn 0.01-2.0%. Ai 0.001-0.10%, one or more selected from Cu not mors than 1.0%, Ni not more than 2.0%, Cr 

;o not more than 2.0%. and Mo not more than 1 .0%, and one or more seiecteri from Nb not more man 0.1%, V not more 
than 0.3%. Ti not more than 0.2%, and B not more than 0.004%, with the remainder being Fe and unavoidable impuri- 
ties; the above-mentioned composition may be C 0.06-0.30%, Si 0.01-3.0%, Mn 0.01-2.0%, AI 0.001-0.10%. one or 
more seiecfed from Nb not more than 0.1%, V not more than 0.3%. Ti not more than 0.2%, and B not mars than 
0.004%, and one or more selected from REM not more than 0.02% and Ca not more than 0 01%, with the remainder 

rs being Fe and unavoidable impurities; the above-mentioned composition may be C 0.06-0.30%. Si 0.01-1.5%, Mo 0.01- 
2.0%, A! 0.001 -0.10%, one or more selected from Cu not more than 1 .0%, Ni not more than 2.0%, and Mo not more 
than i .0%, Mo not more than 1 .0%, and one or more selected from REM not more than 0.02% and Ca not more than 
0.01%, with the remainder being Fe and unavoidable impurities, or the above-mentioned composition may be C 0.06- 
0.30%, Si 0.01-1.5%, Mn 0.01-2.0%, Ai 0.001 -0.10%, one or more selected from Cu not more than 1.0%, Hi not more 

as than 2.0%, Cr not more than 2.0%. and Mo not more than 1 .0%, one or more seieeied from Nb not more than 0. i%, V 
not more than 0.3%, Ti not more than 0.2%. and 8 not more than 0.004%. and one or more selected from REM not 
more than 0 02% and Ca not more than 0.01%, with the remainder being Fe and unavoidable impurities.. 


Fig. 1 is a graph showing the relation between the elongation and tensile strength of steal pipes. 
Fig. 2 is a graph showing the effect of tensile strain rate on the reiation between the tensile strength and temte grain 
so size of steei pips. 

Fig. 3 is a graph showing the grain size or steel products as the function of the temperatures at which raff ing starts 
and ends. 

Fig. 4 is an electron photomicrograph showing the metallographic structure of a steei pipe in Example 1 of the 
present invention. 

35 Fig. 5 is a schematic diagram showing a test piece used in test for resistance- to stress corrosion cracking by 
strides. 

Gesi Mode for Carrying out the inventi on 

'*> [0038] The following explanation shows the process nf producing steel products according to the present invention. 
[0037] The steei product of ihe present invention has; a structure conspossd mainly of ierriie or rerrife plus pearlite or 
ferrlte plus cemenfiie; therefore, it is not specifically restricted in its chemical composition so long as it has the structure 
mentioned above. A preferred composition to give the structure of ferate or remits pius pearirte or ferrife plus cemenfite 
is one which contains C not more than 0.60 wt%, preferably not more than 0.20 wt%, more preferably not more than 
4S 0.10 wt%. Another preferred composition is one which contains Si not more than 2.0 wt%. Mr: not more than 2.0 wf%, 
Ai not more than 0. 10 wt%, Cu not nwra than 1.0 wt%, Ni not more than 2.0 wt%, Cr not more than 3.0 wt%, Mo not 
more than 2.0 wt%, Nb not more than 0.1 wt%, V not more than 0 5 wt%, Ti not more than 0." wt%. and 8 not more 
than 0.005 wt%. And, the structure may contain, in addition to fertile, pearlite, and cementiie, not more than 30 voi% of 
balnite without restriction. Needless to say, the structure composed mainly of ferrlte pius pearlite or the structure corn- 
so posed mainly of fa; ate plus cemenfite may contain a small amount of cementiie or pear lite, respectively. 

[0038] According to the present invention, the steel product is heated to a temperature, preferably, 8O0"O or lower, 
and then rolled -ao a desired shape. The heating method is not specifically restricted; however, induction heating is 
desirable because of Its high heating speed and its ability to suppress the growth of crystal grains. The heating temper- 
ature is preferably 800"C or lower at which cr ystal grains do not become coarse, so that the c " f ra<N mate 
55 rial is kept not greater than 2.0 ym. This results In fine fercite grains not greater than 3 jsm, preferably not greater than 1 
;im, after subsequent lerrite recrystaJlizafson, The lower limit of the heating temperature is 400*C, preferably 550 C C, 
because with heating under 400*0 the steei product presents difficulties in roiling due to increase in deformation resist- 
ance Consequently, the heating temperature for rolling is 40G-8QO»C, preferably 600-700*0. Mealing is carried out such 



[0035] 


S 


EP 0 940 476 A1 


that the ausieniiic change is 25% or Jess. 

[0039] The roiling temperature is restricted to a tang* ... . 

invention, this range is preferably 4O0-7S0°C, depending on the ch'e 

at a temperature higher than this range gives rise to a two-phase st 
s a v o_i s ; ot ai ste iite o sine - c ure of ausienite. The re 

posed mainly of far- its or ferrite plus peeriite or ferrite plus cemer 

exceeding ?S0°C causes ferrite grains to grow remarkably after recr; 

grains not greater than 3 um, preferably not greater than 3 jam. Rolli? 

carry out due to blue shortness, with decrease in ductility and toughness on account of insufficient recrystalhzation and 
10 ' '- v » a - **«»n Therefore, the raising temperature is 400-750°C, preferably 560-720°C. more preferably 

600»?00°C. At 560-720*C. the grain size will be not greater than 1 {i m, and at 600-700*0, the grain size will be not 

greater than 0.8 M m. rig. 3 schematically shows the relation between the grain size and the rofilncs temperature {at the 

start and end of rolling}. 

[0040] Rolling is carried out such that the reduction of area is greater than 20%. in the present invention, the reduction 
16 ot area '8 ^fined as the value calculated by the formula (A 0 - A)/A x 1 00 , where Ac is the ore sectional area b x< 
rolling and A is the cross sectional area after rolling. With a reduction of area less than 1% filing does not m o 
ff-c »ofrf re- q n rs * ^ because of insufficient strain. The reduction of area ts preferably greater than 50%. 
[0041] After rolling, the steel product is cooled to room temperature. Coding may be natural air coding or any of 
known forced air cooling, water cooling, and mist cooling. The latter is desirable to suppress the growth of grains. The 
20 coo x. 'a' .-i -. ac r - han C/s 

[00-12] An appropriate roiling method may be selected according to the shape of ihe stock. For steel pipe stocks, 
reducing by means of a plurality of grooved rolls, called as a reducer, is desirable. Stocks adequate for this process 
include electric resistance welded pipes, forge-welded steel pipes, and solid phase pressure-welded steel pipes. 
[0043] According to the present invention, rolling is carried out with lubrication. Lubricated rolling ensures uniform dis- 
ss trsbution of strain arid grain size in the thickness direction. Roiling without lubrication tends to cause concentrated strain 
in the surface and uneven grain size distribution in the thickness direction. Ordinary roiling oils, such as mineral oil and 
synthetic ester, may be used for lubricated rolling. They are not specif ieaSSy restricted. 

[0044] The above-mentioned process yields a high-toughness, high-ductiiity steel product which has a structure com- 
posed mainiy of ferrite or ferrite plus peariite or ferrite plus cementite. and which has an average grain size not greater 
no than 3 urn, preferably not greater than 1 urn, in the cross section perpendicular to the lengthwise direction of the steel 
product. The sleel product of the present invention may have a structure which contains not more than 30% of bainite 
in addition to ferrite, peariite. and cementite. The steel product will increase in strength but decrease in toughness and 
ductility if it contains bainite more than specified above arid martensiie. 

[0045] With an average grain size in excess of 3 pm, the steel product will lose a balance between strength and tough- 
ss ness/duciility; that is, it does not meet the requirement thai elongation is 20% or mare and the product of tensile 
strength (TS: MPa) and elongation (El: %) is 10000 or more. A large average grain size leads to brittle cracking that 
occurs in the cross section in the lengthwise direction of the steel pips during Charpy impact test at -100°C. This implies 
a failure to meet the requiremer f ss that the percent ductile fracture is 95% :> - - f ^\v> A-tth 

an average grain size not greater than 3 {1 m, preferably not greater than t urn, the steel pipe is lass vulnerable to brittle 
10 craving in the cross section perpendicular to the lengthwise direction and is superior in toughness 

[004SJ The process of the present invention for producing steel products will be described in more detail in the follow- 
ing, with stress placed on steel pipes. 

[0047] The present invention employs steel pipes as ihe stock. There are no specif ic, restrictions on the process of 
producing steel pipe stocks. Adequate examples Include electric resistance welded steel pipe- produced by electric 
45 resistance with high frequency current, solid-phase pressure-welded steel pipes produced by pressure welding after 
heating edges to a temperature suitable for solid -phase pressure-welding, forge-welded steel pipes, and seamless steel 
pipes produced by Mannesmann piercing roiling. 

[G04S] The following explains the reason why the chemical composition is restricted for the steel pioes as stock and 
product. 

so 

C : 0.005-0.30% 

[0049] G is an element which dissolves in foe basic metal to form a solid solution or precipitates in the form of carbide 
in the basic metal; thereby Increasing the strength of steel. Cementite, martensite, and bslrote that precipitate in the 
55 form of fine grains as the hard secondary phase cont buteto * ctiiity {uniform elongation Fc the desired strength and 
ductility due to cemerrtite that precipitates as the secondary phase, the content of C is 0 005% or more, preferably 
0.04% or more. C In excess of 0.30% increases strength so much as to adversely affect ductility. Therefore, the content 
of C is limited to 0.005-0.30%, preferably 0.04-0.30%. Moreover, foe content of C is not more than 0.10% for the 


errste reerystaliization lakes, place, in the present 
rracai composition of the steel blank used. Roiling 
ructure of ferrite plus aus.i*--iie containing a large 
•suiting product does not have the structure com- 
itite. On ihe other hand, roiling at a temperature 
f-stniiizration. rhls is detrimental to the desired -'me 
-■g at a temperature bwe; ihan i0Q"C is difficult to 
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improvement of line pipe in resistance to stress corrosion crackirsg. C in excess of 0.10% makes the weld zone hard, 
thereby adversely affecting resistance to stress corrosion cracking. 

[00501 ^r the steel pipe to have high fatigue strength and improved fatigue resistance characteristics, the content of 
C is preferably 0.06-0.30%. A content less than 0.06% leads to poor fatigue resistance characteristics due to strength. 

Si : 0.01-3.0% 

[0051] Si is an element that functions as a deoxidizer and aiso forms a solid solution in the basic meta! to increase 
the strength of steel. It produces its effect when its content is 0.01% or more, preferably 0.1% or mere. With a content 
in excess of 3.0%. it adversely affects ductility. Therefore, the content of Si is limited to 0.01 -3.0%, preferably 0.1-1 .5%. 
C0052] incidentally, the content of Si is not more than 0.5% for tine pipes to have Improve resistance to stress corrosion 
cracking. SI in excess of 0.5% makes the wekl zone hard, thereby adversely affecting resistance to stress corrosion 
cracking. 

[0053] For the steel pipe to have high fatigue strength and improved fatigue resistance characteristics, the content of 
Si is preferably not more than 1.5%. A content In excess of 1.5% leads to poor fatigue resistance characteristics 
because it forms inclusions. 

Mn: 0.01-2.0% 

[0054] Mn is an element to increase the strength of steel. In the present invention, It aiso causes cerrsentlte as the 
secondary pnsse to precipitate sn the form of fine grains and promotes the precipitation of martensits and bainite. With 
an amount less than 0.01%. It does not met - isi » the sfc an jth, nor does it promote the precipitation of cementite, mar- 
tensite. and bainite. With an amount in excess of 2.0%, it adversely affects ductility due to unduly Increased excessive 
strength. Therefore, the amount of Mn is limited to 0.01 -2.0%. From the standpoint of strength -elongation balance. It is 
0.2-1.3%, preferably 0.8-1.3%. 

[0Q55J incidentally, the content of is preferably not more Stan 1.8% for line pipes to have improved resistance fo 
stress corrosion cracking, Ma in excess of 1.8% makes the weld zone hard, thereby adversely affecting resistance to 
stress corrosion cracking. 

A! : 0.001-0.10% 

[0056] AS helps form fine grams. The content of Al is at least 0.001% for desired Sine grains. With a content in excess 
of 0.10%, it increases the amount of oxygen-based inclusions, thereby adversely affecting cleanliness. Therefore, the 
content at AS is limited to 0.001-0. 10%, preferably 0.015-0.06%. 

[OC573 Furthermore, the above-mentioned composition for the steel pipe stock may contain additionally one or more 
of the following alloying elements. 

Cu : not more than 1%, Hi : not mors than 2%, Cr : net more than 2%, and Mo : not more than 1%. 

[0058] These elements Improve the harcfenabiiiiy of sieei and increase the strength of steel. They may be used alone 
or in combination with one another according to need. They lower the transformation point and give rise to fine ferrite 
grains and make the secondary phase fine grains. The content of Cu is not more than 1%, preferably 0.1-0.6%. 
because excessive Cu adversely affects hot workability. The content of Ni is not more than 2%. preferably 0.1-1.0%. 
because excessive Ni is wasted without further effect of increasing strength and improving toughness. The contents of 
Cr and Mo are not more than 2% and 1% respectively, preferably 0.1-1.5% and 0.05-0.5%, respectively; excessive Cr 
and fvlo adversely affect wekiabiiity and ductility only fo be wasted. 

[0059] Incidentally, each of the contents of Cu, Ni, Gr, and Mo is not more than 0.5% for line pipes to have improved 
resistance fo stress -co: rosier- oaokng When usee; In excess or 0.5%. -hey make the we:;i ,>:or;e hs-cl -hereby adversely 
affecting resistance lo stress corrosion cracking. 

Nb : not more than 0.1%, V : net more than 0.3%, Ti : not more than 0.2%, and 8 : not more than 0.004%. 

[0060] These elements precipitate in the form of carbide, nsiride, or carbonitribe, contributing to fins grains and high 
strength. For stee p pes h kj joints eated atangh temperature, they make grains finer during heating and they also 
function as nuclei for terms precipitation during cooling, thereby preventing the weld zone from becoming hard. They 
may be used alone or in combination with one another according to need. When used excessively, they adversely affect 
weldabliity and toughness. Therefore, the content of Mais not more than 0.1%, preferably 0.005-0.05%, the content of 
V is not more than 0.3%, preferably 0.05-0.1%; tire content of Ti is not more than 0.2%. preferably 0.005-0.10%; arid 
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the content of S3 is not more than 0 004%, preferably 0.0005-0.002%. 

[0061 1 Incidentally, each content of Ni, V. and Ti is not more than 0. 1% for line pipes to have improved resistance to 
stress corrosion cracking When used in excess of 0.1%. they adversely affecting rebalance to stress corrosion crack- 
ing due to precipitation hardening. 


REM : not wore than 0.02% and Ca . not more than 0.01%. 

[0052] Both REM and Ca adjust the form of inclusions and improve workability. They also precipitate to the form of 
sulfide, oxide or oxysulfide, thereby preventing the joints of steel pipe from becoming hard. They may be used alone or 
In combination with one another. When used excessively, they give rise to excessive inclusions, which lower cleanliness 
and adversely affect ductility. The content of REM is 0.004-0.02% and the content of Ca is 0.00 ; -0.01% 
[0083] The above-mentioned composition for the steel pipe stock and steel product may additionally contain Fe as a 
remainder and unavoidable impurities as follows. 

[0G64] Unavoidable impurities are N : not more than 0.010%, O : not more than 0.006%. P : not more than 0.025%, 
and S : not more than 0.020%. 

N : not more than 0.010% 

[QQ6S] N in an amount up to 0.010% is permissible, which is enough to form fine grains in combination with Al; how- 
ever, excessive N adversely affects ductility. The content of N is not more than 0.010%, preferably 0.002-0.008% 

O : not more than 0.006% 

[0088] O in an amount up to 0.009% is permissible. The content of O is as tow as possible, because O forms oxides 
which adversely affect cleanliness. 

P : not mors than 0.025% 

[0067] P segregates at grain boundaries, thereby adversely affecting toughness. The content of P is as low as possi - 
ble, although up to 0.025% Is permissible. 

5 : not more than 0.020% 

[0063] S in an amount up to 0.020% is permissible. The content of S is as low as possible, because S forms sulfides 
which adversely affect cleanliness. 

[00631 The following concerns the structure of the steel pipe as the product. 

[0070] The steel pipe of the present invention is characterised by its structure composed of ferrite grains not larger 
than 3 jim, preferably not larger than 1 jim, so that it is superior in ductility and collision and impact resistance. With 
ferrite grains coarser than 3 pm. the steel pipe will not have remarkably Improved ductility and collision and impact 
resistance. The fer; ite grain stse is expressed in terms of average value of 200 or more rente grains regarded as circles 
which are observed under an optica! or electron microscope when tie cross section perpendicular to the lengthwise 
direction of the stee! pipe is corroded with ntoal solution. 

[0071] in the present invention, the structure composed mainly of fertile includes the one which is composed of ferrite 
alone without secondary phase and the one which Is composed of ferrite and a secondary phase other than ferrite. The 
secondary phase other than ferrite Includes martens*©, bainte, and cemenfee They may prec pilate alone or in com- 
bination with one another. The secondary phase should have a ratio of area not more than 30% The secondary phase 
that has precipitated helps elongation to occur evenly at the time of deformation, thereby improving the ductility and col- 
lision and impact resistance of the steel pipe. This effect becomes toss significant as its ratio of area exceeds 30%. Fig. 

6 shows an example of the structure of the steel pips of the present invention. 

[0072] The following concerns the process for producing the steel pipe of the present Invention. 
[0073] The process starts with heating the steel pipe stock having the above-mentioned composition. The heating 
temperature is {Ac-, + 5G*C) to 400"C, preferably 750-400°C. Heating beyond the upper limit deteriorates the surface 
properties and unduly increases ausfenite, resulting is coarse grains. Therefore, the heating temperature is not higher 
than (Ac, -rS: % , n. - t. ? 8 ""x. C ~ec ri»o',r- ow? m ri o'p; fe- anec^ate rolling 

temperature. Thereto ? v.? heating tempera; e is preferably 4 30 Co- "sighs 

[0074] The heated stee! pipe stock subsequently undergoes reducing preferably by a reducing mill of 3-roli type or a- 
roll type or any other types. Continuous reducing by a plurality of stands Is preferable The numb® - of stands depends 
on the dimensions of the steel pipe stock and finished steel pipe. 
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[0075] The ro«Sng temperature fc; reducing Is {Ac, + 50- > G)to400?C, preferably 750-400 !, C, at which ferrite recrystal- 
lization takes piace. A rolling sempsrature beyond trie upper limt causes ferrite grains to grew excessively after f ©crys- 
tallization, thereby decreasing ductility. Therefore, the roiling temperature is not higher than (Ac, •;• SO ; 'C), preferably not 
higher than ?50°C. On the other hand, a roiling temperature below the tower limit brings abort biue shortness, which 
leads to brittjeness and fracture during roiling. A rolling temperature below 400"C causes such troubles as increased 
deformation resistance, hence difficulties in rotting of material, and insufficient recrystailizatiors, hence residua! strain. 
Therefore, the rolling temperature for reducing is (Ac< + 5C°C) to 400°C, preferably 750-400°C, and more preferably 
600-700'C 

[0078] Reducing is carried out such that the cumulative diameter reduction is 20% or more, which is defined by 
{A - S)/A x 1 00% , where A is the outside diameter of the base steel pipe and B is the outside diameter of the product 
pipe. Failing to meet this requirement results in a steel pipe poor in ductility because of insufficient action by recrystal- 
tization to make grains finer. Another problem is a low pipe forming rate and hence low productivity, in the present inven- 
tion, therefore, the cumulative diameter reduction is greater than 20%. However, if it exceeds 60%, the resulting steel 
pipe will have high strength and high ductility which are we!! balanced with each other even though the content of the 
above-mentioned alloying elements Is icw. on account of work hardening, leading to increased strength, and finer struc- 
ture. For this reason, the cumulative diameter reduction is preferably 60% or more. 

[00771 Reducing Is carried ou; such that at least one of rolling passes scco T c,i> a ifiamete reduction 8% or more 
per pass, Reducing with a diameter reduction smaller than 6% per pass does not produce the effect of making crystal 
grains finer by recrystaliizstson. Reducing with a diameter reduction of 6% or more per pass generates heat, herroe 
increases ;emp g empsra e diameter reduction per pass is preferably 8% or 

more for dynamic rea ystaliiz-t-ioo and finer crystal grains. 

[00781 The reducing of steel pipes according to the present invention provides biaxial stress, thereby producing a sig- 
nificant effect of making crystal grains finer. By contrast, the rolling of steel plates merely provides uniaxial stress, with 
free ends existing in the rolling direction as well as the widthwise direction (or the direction perpendicular to the roiling 
direction). Therefore, the roiling in this way •:. limbed in ability to mak-:? g-aini: finer. 

[0Q79J Also, the reducing of steel pipes according fa the present invention is preieraosy carried tn the presence ot s 
lubricant. Lubricated roliing makes even the strain distribution in the thickness direction and also snakes even the grain 
size distribution In the thickness direction. Rolling without lubrication concentrates strain in the surface of the materia! 
due to shear effect, resulting in uneven grain size In the thickness direction. Any known roiling oil, such as mineral oil 
and a mixture of mineral oil and synthetic ester, may be used as a lubricant. 

[0080] After reducing, the steel pipe is cooled to room temperature. Cooling may be natural air cooling or any of known 
forced air cooling, water cooling, and mist cooling to suppress foe growth of grains. The cooling rate Is preferably 
greater than 10*C/s. 

Ex&rjpieJ. 

[0081 ] A steel raw materia! having the chemical composition shown in Tabie 1 was made into flat strip steel of 3.2 mm 
in thickness by hot roiling. After preheating at 6C0°C. this strip s ; e ef was continuously formed into an open pipe by 
means of a plurality of forming rolls. The open pipe had its edges preheated to IQOCC by induction heating, and the 
edges were heated to 1 300*0 by induction heating and joined together by solid-phase pressure welding using squeeze 
rolls. Thus there was obtains*! a pipe stock, 31 .8 mm in diameter and 3 2 mm in wall thickness. With its seam cooled, 
the pipe stock was induction-heated to temperatures shown in Table 2. The heafed.pipe stock was reduced by means 
of a 3-roll reducing mil! to form a product sfeei pipe having the outside diameter shown in Tabie 2. Incidentally, lubricated 
roiling with a mixture of mineral oil and synthetic ester was performed on the product No. i -2. 
[0082] The product pipe thus obtained was found to have the characteristic properties, i.e.. structure, grain size, ten- 
sile properties, and impact properties, as shown in Table 2. Grain size was determined by observing the cross section 
(C) perpendicular to the lengthwise direction of the pipe under a microscope (*5000) and expressed in terms of an aver- 
age of five or more observations. Tensile properties were measured by using JiS No 1 1 specimens, incidentally, elon- 
gation (El) is expressed in terms of values calculated from 

EUE1 0 x (^(a 0 /a» 0.4 

(where El 0 is the actually measured elongation, a 3 is f 00 mm 2 , and a is the sectional area (mm 2 ) of the specimen.) This 
converted value was used in consideration of the size effect of the specimen. Impact properties (toughness) was eval- 
uated in terms of percent ductile fracture of cross section C at -10Q°C measured In Charpy Impact test with a 2-mm V 
notch in the lengthwise direction of the pipe. 

[0083] it is noted from Table 2 thai samples (Nos. t -1 to 1 -3) in examples pertaining to the present invention are char- 
acterized by a grain size of 2 ftrn, or fine grains not greater than 3 urn, and atso by high elongation and toughness and 
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weii-baiancgd strength and tougnness/ductaity. Sample No. 1-2, which underwent lubricated ro^-g, shows only g life 
variation in grain size in the thickness direction. in contrast, sample Nos. 1 -4 and 1-5 (in comparative example! are poor 
in ductility and toughness due to coarse grains. Incidentally, it was found that psarite (P) includes. ~ acsdition to 8>o 
lamellar structure, pseudo peariite which does not form the lamellar structure. 

Ex ample 2 

[00841 A steel raw materia! having the chemical composition shown in Table 1 was made into fiat strip steel of 3 2 mm 
in thickness by hot roitog. This strip steel was continuously formed into an open 0* a by means c ,. y o< for nine 
roils. Tne open pipe had its edges preheated above the melting point by induction heating, and the edges were butt- 
welded by using squeeze roils Thus there was obtained a pipe stock. 31 .8 mm in diamc - n wall l^<r> 

ness With its bead removed by a bead cutter, the resulting electric welded pipe was heated again at the temperature 
shewn in Table S by induction heating, it was reduced by means of a 3-rolt reducing mill to form a finished pipe havinc 
the outside diameter shown in Table 3. 

[0085] The finished pipe thus obtained was tested for characteristic properties, I.e. structure, grain size, tensile prop- 

1 J - ! i >m ^ esults are shown In Table 3. 

[0085: It 1st tedfi nl Me 3 atsam ss ^os. 2-2, 2 3, 2-5, and 2-7) in examples pertaining to the present inven- 
tion are characterized by fine grains not greater than 3 itm and also by high elongation and toughness 3nd well-bal- 
anced strength and toughness/ductility. By contrast, samples (Nos. 2-1 , 2-4, 2-6, 2-8, and 2-9) in comparative examples 
are poor in ductility and toughness due to coarse grains. 

Example. 3 

[0087] A steel having the composition shown in Table 1 was prepared by using a converter, and this steel was made 
Into a billet by the continuous casting process. After heating, this billet was mads Into a seamless pips of 158 mm in 
outside diameter and 3 mm in wail thickness by using a Mannesmann mandrel mill. This seamless pipe was heated 
again to the temperature shown in Table 4 by induction heating and then reduced by means of a 3-roli reducing mill to 
form a product pipe having the outside diameter shown in Table 4. 

[0088] The product pipe thus obtained was tested for characteristic properties in the same manner as in Examples 1 
and 2. The results are shown in Table 4. 

[0089] li is noted from Table 4 that samples (Nos. 3-1 , 3-2, 3-4, and 3-5) In examples pertaining to the present inven - 
tion are characterized by fine grains not greater than 3 and also by high elongation and toughness and well-bal- 
anced strength and toughness/ductility. 3y contrast, samples (Nos. 3-3 and 3 6) in corr* a i e sxj es are poor in 
ductility and toughness due to coarse grains. 


[0080] A base steel pipe having the chemical composition shown in Table 5 was heated by induction to a temperature 
shown in Table 6 and then roiled into a finished sieei pj P e by means of a 3-;oll reducing mill under the rcllincj conditions 
«« shown in Table 6. 

[0081 ] The base steel pipe in Table 6 Is either solid-phase pressure-welded one or seamless one. The former was 
prepared by preheating a 2.6 mm thick hot-rolled strip steel to 600*0. continuously forming If into an open pipe by 
means of a plurality o? forming roils, preheating the edges of the open pipe to 1000"C by induction, heating the edges 
to 1450*0 below the editing point oy ^docton, arc pressure-welo'^g tne edges by means ;:>? s ioueeze roil. it is 4? 7 
4S fnm in diameter and 2.5 mm in wail thickness. The seamless pipe was prepared by using a Mannesma ma idrel t ,' 
from a continuously cast billet (with heating). 

[0032] The product pipe thus obtained was tested for tensile properties, collision and impact properties, and structure. 
The results are shown in Table 6. Tensile properties were measured by using JIS No.1 1 specimens incidentally, elon- 
gation (El) is expressed In terms of vaiues calculated from 

so 

EU Ei 0 x (V(a 0 &»0.4 

(where E! 0 is the actually measured elongation, 3q is 292 mm 2 , and a is the sectional area (mm 2 } of the specimen.) This 
converted value was used in consideration of the size effect of the specimen. Collision and impact properties were eval- 
ss uated « terms of the amount of energy which is absorbed before the amount of strain reaches 30% in the stress-strain 
curve obtained by the high-speed tensile test at a strain rate of 2000 s' 1 . Incidentally, collision and impact properties are 
a measure of energy required to deform the material when an automobile actually collides at a strain rate of 1 000-2000 
s' 1 • "^e &rger she amount »t this snetgy, the better the collision and impact resistance. 


[0093] it is noted from Table 6 that samples (Nos. 4-1 to 4- 16 and 4- 19 to 4-22} in examples pertaining to the present 
invention have well-balanced ductility and strength, with a high tensile strength at a high strain, rate and a high energy 
absorption at the time of collision arid impact. By contrast, samples (Nos. 4-17, 4- IS, and 4-23) in comparative exam- 
pies are poor in either ductility or strength, poor in balance between strength and ductility, and poor in collision and 
s impact resistance. 

£0094] Comparative samples {Nos.4-17 and 4-18), which do not conform to the present invention in diameter reduc- 
tion, have coarse ferrite grains, unbalanced strength-ductility, and low energy absorption at the time of collision and 
impact. 

» Examples 

rOGSS] A base steef pipe having the chemical composition shown in Table 7 was heated by Induction to a temperature 
shown in Table 8 and then rolled into a product steel pips by means of a 3-roil reducing mii! under the roiling conditions 
show i T - i r 1 te lock f he same manner as in Example 4. 

is [00981 The pnx k ee - << ' . ho fis«e operses, a slon and impact properties, and structure in tie 
same way as in Example 4. The results are shown In Tabie 8. 

[0097] It is noted from Tab'* 8 that samples (Nos. 5-1 to 5-3 and 5-7 to 5-10) in examples pertaining to the present 
Invention have well-balance ctility are „ 3th, with a high tensile strength at a high stain rate and a high energy 
absor ption at the time of collision and impact. By contrast, samples {Nos. 5-4 to 5-8) in comparative examples are poor 
in either ■ t/ or strength, ooor m balance between strength and ductility, and poor in collision and impact resistance. 
[0088] The present invention provides a steel pipe having well-balanced ductility and strength ana good c 5 « on and 
impact properties, unlike the conventional technology. This steel pipe is suitable for bulging by hydroforming or the like. 
Bulging will be very easy to perform in the case of electric welded pipe or soiid-phase pressure-welded pipe with the 
seam cooled, because the hardened seam has the same level 0? hardness as the pipe stock on account of reducing. 

25 

Exams.le.6 

[0099] A base steel pips. 1 10 mm in diameter and 4 5 mm in wall thickness, having the chermcai composition shown 
in Table 9 was. produced from hot-roiled steel plats which had undergone controlled rolling and controlled cooling. The 
30 base steel pipe was heated by induction to a temperature shown in Table 10 and then reduced by using a 3-roll reducing 
miff under the condition shown in Tabie 10. 

[9100] The product steel pipe was tested lor tensile properties, collision and impact properties, structure, and sulfide 
stress corrosion cracking resistance. The results are shown in Table 10. Tensile properties were measured by using JIS 
No.11 specimens in the same manner as in Example 4. Incidentally, elongation (El) is expressed in terms of values cai- 
35 culated from 

EUE! 0 x(V(a 0 /a)) 0.4 

(where Et 0 is the actually measured elongation, a<> is 292 mm 2 , and a is the sectsonal area (mm 2 ) of the specimen.) This 

4;) converted value was used in consideration of the size effect of the specimen. 

[D1D1 } Collision and impact properties ware evaluated in terms of the amount oi energy which is absorbed before the 
amount of strain reaches 30% in the stress-strain curve obtained by the high-speed tensile test at a stain rate ol 2000 
s' 1 . incidentally, collision and impact properties are a measure of energy required to deform the materia! when an auto- 
mobile actually collides at a strain rate of 1000-2000 s" 1 . The greater the amount of this energy, the better the collision 

45 and impact resistance. 

[0302] incidentally, the sulfide stress corrosion cracking resistance was evaluated by observing whether or not a fi- 
ring test piece shown in Fig. 5 breaks within 300 hours when it is immersed under a tensile stress corresponding to 
120% of yield strength in an MACE bath (composed of 0.5% acetic acid and 5% sodium chloride, saturated with hydro- 
gen sulfide) at 25*C and 1 aim The C-ring test piece was cut out of the product pipe in its ctfcurrrferentiai direction. This 

so test was duplicated for each sample under the same conditions. 

[0103] II is noted from Table 10 that samples (Mas. 6-1 to 6-3. 5-5, 5 -8 to 5-10) «n examples pertaining to the present 
invention t ^ % t n r ensile strength at high strain rate and high energy absorption 

at the time 0; collision and impact. They are also superior in sulfide stress corrosion cracking resistance, and hence they 
ate suitable tor use as Une pipes. By contrast, samples (Nos. 6-4, 6-5, and 6-7) in comparative examples are poor in 

55 ather ductility or strength, poor in balance between strength and ductility, poor in collision and impact properties, and 
poor In sulfide stress corrosion cracking resistance as indicated by breakage in the NACE Path. 
[01 04] Samples (Nos, 6-4 arid 6-7) in comparative examples, which were reduced at a rolling temperature outside the 
range specified in the present invention, are poor in balance between strength and ductility due to coarse ferrite grains, 
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poor in energy absorption at the time of collision and impact, and poor in sulfide stress corrosion cracking resistance. 
Exam ple? 

5 [0105] A bass steel pipe having the chemical composition shown in Table 1 1 was heated by induction to a tempera- 
ture shown in Table 12 and then rolled into a product steel pipe by means of a 3 roll reducing mi!! under the roiling con- 
ditions shown in Table 12. The base steel pipe in this example was either electric resistance welded pipe of 1:0 mm in 
diameter and 2.0 mm in wall thickness or seamless steei pipe of 110 mm in diameter and 3 0 mm in wall thickness. The 
former was prepared by forming an open pipe from hci-scsiled strip steei by means of a pkaalify o? forming roils and then 

io welding the edges by induction heating. The fatter was prepared by using a Mannesmann mandrel mis! from a continu- 
ously cast bills! with heating. 

[0106] The product pipe thus obtained was tested for tensile properties, collision and impact properties, structure, and 
fatigue resistance. ; he results are shown in TabSe 12. Tensile properties and collision and impact properties were meas- 
ured in the same manner as in Example 4. Fatigue strength war, measured by subjecting the firmed pioe as a sped- 

7£ men to cantilever reversed fatigue test (at a repeating rate of 20 Hz) m the air. 

[0107] !! is noted from Table 12 that samples (Nos. 7-1, 7-3, and 7-6 io 7-8) in examples have well-balanced ductility 
and strength, high tensile strength at high strain rate, and high energy absorption at the time of collision and impact. In 
addition, they are superior in fatigue resistance. By contrast, sampies (Nos. 7-2, 7-4, and 7-5) in comparative examples 
are po^ h*"^ * c ~- ~psNo. 7-2 did not undergo reducing, sample 7-5 had a ratio of reduction in diametes 

■ ■o which :s >t < < the specifies range, and sample No. 7-4 was reduced at a temperature outside the specified range. 
Therefore, if is poor in balance between strength and ductility due to coarse ferrife grains, poor in energy absorption at 
the time of coiiision and impact, and poor In fatigue resistance. 


{0108} The present invention provides a high-strength steel product superior in toughness and ductility on account of 
extremely fine grain size not greater than 3 >.m. Therefore, it will produce a significant industrial effect of expanding the 
application area of steel products. The present invention also provides a process for efficient and easy production of 
high-strength steei pipe superior in ductility and Impact resistance. Therefore, it will produce a significant industrial 
30 effect o? expanding the application area o! steel pipe. The present invention permits the production of steel pipes for line 
pipes which need high strength and toughness and good stress corrosion cracking resistance. The present invention 
also permits the economical production of high-strength, high-ductility steei pipe having good fatigue resistance, with 
the amount of alloying elements reduced. 
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Chemical composition (wt%) 

No. 


Si 

Mn 
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S 

A! 
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0.06 

0.05 

0.35 

0.018 

0.019 
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0.002S 

B 

0.08 

0.25 

1.28 

0.007 

0.002 

0.041 

0.0025 

C 

0.2S 

0.20 

0 8? 
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0.007 

0.010 

0.0028 

D 

0.16 

0.22 

0.75 

0.009 

0.006 
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0.0033 
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TabieS 


Siee! No 



C 



m (wi%) 



Ac, CQ 

Hois 





P 

S 

Ai 

N 

0 



E 

0.09 

0 40 

0.80 




0.0035 



E - , 

F 

0.0B 

0.0/ 

1.42 

0.015 

0.011 

0.036 

0.0038 

0.0030 

•'60 

Example 

Q 

0.06 

0.21 

0.35 

0.013 

0.008 

0.028 

0.0025 

0.0028 

77b 

Exampie 

H 

0.11 

0.22 

0.45 

0.017 

0.013 

0.018 

0 0071 

0.C035 

775 

f arnpie 

\ 

0 21 

0.20 

0.50 

0.016 

0.013 

0024 

0.0043 

6.0030 

770 

E i 


0.03 

0.05 

0.15 

0.021 

0.007 

0.041 

0.0026 

0.0038 

780 

Exanpls 

K 

0.09 

0.^ 

0.52 

0.024 

0.003 

0.004 

0.0025 

0.0026 

T75 
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1. A steel ptoduci having high ductility and high strength wh:cb ss characterized by an average grain size not greater 
than 3 jsm in the cross section perpendicular to its lengthwise direction and by a structure composed mainly of fer- 
rite or ferrite plus pear lite or ferrite plus cementiie 

2. A steel product having high ductility and high strength as defined in Cjaan 1 wbieh is characterized ■further by elon- 
gation ai 20% or more and by tensile strength (TS : MPa) and elongation (£S : %} whose product is 10000 or more. 

3. A steel product having high ductility and high strength as defined in Claim 1, which is characterized further by an 
average grain size not greater than 1 pm in the cross section perpendicular to its lengthwise direction 

4. A steei product having high ductility snrt h:gh strength as defined In any ct Claims i to 3. whtch Is a steel pipe 

5. A steel pipe having high ductility and high strength as defined in Claim 4. which is characterized by percent ductile 
fracture of 95% or more in the cross section perpendicular to its lengthwise direction measured by Charpy impact 
test on an actual pipe at -1C0"C. 

6. A process for producing a steei product having high ductility and high strength, said process comprising performing 
roiling on a steei product containing not more than 0.80 wt% of carbon at a ferrite recrystailizaion temperature such 
that the reduction of area is 20% or more. 

7. A process for producing a steel product as defined in Claim 6, wherein said roiling is performed in the presence of 
a lubricant. 

8. A process for producing a steel product having high ductility and high strength as defined in Claim 3 or 7, wherein 
the steei product is a steei pipe. 

9. A steel pipe having high ductility and high strength which is characterized by a composition of G : 0.005-0.30%, Si 
: 0.01-3.0%, Mn : 0.01-2.0%, and At : 0.001-0. 10% on a weight basis, with the remainder being Fe and unavoidable 
impurities, and by a structure of ferrite or ferrite and a secondary phase olher than ferrite accounting for not more 
than 30% of area, said ferrite having a grain size not greater than 3 urn. 

10. A steel pipe having high ductility and high strength as defined in Claim 9. wherein said ferrite has an average grain 
sise not greater than 1 ym. 

11 . A steel pipe as defined in Claim 9 or 10, wherein said composition further contains one or more selected from Cu 
not more than 1 %, Ni not more than 3%. Cr not more than 2%, and Mo not more than 1% an a weight basis. 

12. A steel pipe as defined in any of Claims 9 to 1 1 , wherein said composition further contains one or more selected 
from Nb not more than 0.1 %, V not more than 0.3%, Ti not more than 0.2%, and B not mora than 0.004% or. a 
weight basis. 

13. A stesi pipe as defined in any of Claims 9 to 12, wherein said composition further contains one or more selected 
from REfvl not mere than 0,02 % and Ca not mors than 0.01% on a weight basis. 

1 4. A process for producing a steel pipe having high ductility and high strength, said process comprising besting a base 
steel pipe having the composition defined in any of Claims 9 to 13 at a temperature of (Ac, + 50°C) to 400"C and 
sv bi e ; so -st , ce -orming reducing on it at a rolling temperature of (Ac, + 50°C) to 400 C C such that the cumulative 
reduction of diameter is 20% or more. 

1 5. A process for producing a steei pipe having high ductility and high strengih, said process comprising heating a base 
steel pipe at a temperature ot (Ac, t- 50*C) to 400°C and subsequently performing reducing on it at a roiling tem- 
perature of (Ac, + 50'C) to 400°C such thai the cumulative reduction ol diameter is greater than 20%. sad steel 
pipe stock having a composition of C : 0.005-0.10%, Si : 0.01-0.8%, Mn : 0.01-1.8%, and A! : 0.001-0.10% on a 
weight basis, and further one cr more selected from Cu not more than 0.5%, Hi not more than 0.6%, Cr not more 
than 0.5%, and Mo not more than 0.5%, and further one or more selected from Nb not more than 0.1%, V not more 
than 0.1%. Ti not more than 0.1%, and 3 not more than 0.004%, and further one or more selected from REM no! 
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more than 0.02% and Ca not mere than 0.011 


9 Fe and unavoidable impurities. 


1 6. A process for producing a steel pipe having high ductility and high strength, said process con »i few heelinr- a base 

reoH/ 5Q*C>to400°Canc i ^ . > 
to, +5C-i > 400"C such that the cumulative reduction of damete 2 ,o said s»e* plp< 

a c >03st of C : 0.06-0.30%, Si : 0.01-1.5%, Mn : 0.01-2.0%, and Al 0.091-0.10% on a weH* 
basis, with the remainder being Fe and unavoidable impurities. 

17. A process for producing a steel pipe as defined in Claim 16. wherein said composition further contains one or mor* 
selected from Cu not more than 1 .0 %, N» not more than 2.0%, Cr not more than 2.0%, and Mo not more than 1 0% 
on a weight basis. 

13. A process for producing a steel pipe as defined in Claim 16 or 17. wherein said composition further contains one 
or more sealed f;om No not more -fen 0. ■ %. V no^ mor* than 0.3%. Ti not mar,; man 0 >% an. - P. rot mo- v than 
0.004% on a weight basis. 

1 9. A process for producing a steel pipe as defined in any of Claims 16 to 18, wherein said composition further contains 
one or more seiected from REM not more than 0.02 % and Ca not more than 0.01% on a weight basis. 

20. A process for producing a steel pipe as defined in any of Claims 1 4 to 1 9, wherein the heating temperature is 750- 
40Q°C and the roiling temperature is 750- WC. 

21 . A process for producing a steel pipe as defined in any of Claims 1 4 to 20, wherein reducing is performed such that 
at least one of rolling passes reduces the diameter by 6% or more per pass. 

22. A process for producing a steel pipe ss defined in any of Claims 1 4 to 21 , wherein reducing is performed such that 
the cumuia?;ve reduction of diameter is 60% or more. 

23. A process for producing a steel pips as defined in any oi Claims 14 to 22, wherein reducing is performed In the 
presence of a lubricant. 
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